Most patients with chronic myelogenous leukemia (CML) show a Philadelphia (Ph) chromosome with a characteristic translocation between chromosomes 9 and 22. However, there are variant complex translocations involving other chromosomes in addition to the standard translocation. We describe a case of CML who showed a complex and novel chromosomal translocation involving five chromosomes, t(9;22;12;4;7).
Introduction
Chronic myelogenous leukemia (CML) is a clonal myeloproliferative disorder of the primitive hematopoietic stem cell, and characterized by a marked overproduction of granulocytes. Most patients with CML show a Philadelphia (Ph) chromosome with a characteristic translocation between chromosomes 9 and 22. This rearrangement combines the C-ABL protooncogene on chromosome 9 with the breakpoint cluster region (BCR gene) on chromosome 22. However, there are variant complex Ph-translocations involving other chromosomes in addition to chromosomes 9 and 22. In such cases, three or four chromosomes are usually involved in the translocation; there are only a few reports on complex translocations involving five chromosomes.
We studied a patient with CML who showed a novel complex Ph translocation involving five chromosomes, 9, 22, 12, 4 and 7. We emphasize that spectral karyotyping (SKY) was valuable for the determination of the details of the complex translocation observed in this case.
Case Report
The patient was 32-year-old symptomless Japanese male. He was found to have a WBC of 9.94 x 10 9 /L, which was slightly higher than the normal range, at a medical checkup at his workplace on March 2004. He consulted a physician, who noticed that there were 4.5% basophils, and 1% myelocytes in his peripheral blood smear. Bone marrow aspiration was then performed, and it showed both nucleated cells and megakaryocytes were increased in number to 740,000/μl and 128/μl, respectively. He was referred to our department. Bone marrow aspiration showed a marked increase of nucleated cell count of 490,000/μl and megakaryocytes of 266/μl. As shown in Figure 1A , G-banding analysis showed 46, XY, add(4)(q31), t(7;9;22)(p13;q34;q11), add(12)(q24), in 31 cells out of 37 analyzed cells.
Although the findings in G-banding seemed to be complex compared to a typical Ph chromosome formation, BCR-ABL fusion signals were observed in 91 % of the cells analyzed by FISH, and polymerase chain reaction amplified major-BCR/ABL (p210) (b3a2 type).
Because of the complicated chromosomal translocation shown by the G-banding method, SKY was performed for more detailed information. As shown in Figure 1B , a portion of the long arm of a chromosome 9 was added to the long arm of chromosome 22, forming a Ph chromosome. However, the segment of chromosome 22 was translocated to a chromosome 4 instead of the chromosome 9. Therefore, the translocation between chromosomes 9 and 22
was not found in this case. The segment from the chromosome 4 was translocated to a chromosome 12, the segment from chromosome 12 was translocated to a chromosome 7, and the segment from the chromosome 7 was translocated to the chromosome 9. The karyotype of the five-way translocation observed by SKY method can be written as t(4;12;7;9;22)(q33?;q24;p13;q34;q11). As shown in Figure 1C , the nature of translocation among five chromosomes is presented schematically.
The patient was given imatinib mesylate at a dose of 400 mg/day.
Although he experienced slight liver dysfunction and mild skin rash, those improved gradually and he has been able to continue on imatinib mesylate.
One month after starting on imatinib, he achieved complete hematologic response, as well as complete cytogenetic response two months later. Major BCR-ABL then disappeared by RT-PCR, and he has been in this condition for 41 months.
Discussion
We presented an unusual case of CML in whom a complicated Ph rearrangement was observed. It have been reported that 5-10% of CML cases have complicated Ph rearrangements that include more than three chromosomes. However, we found only seven other cases in whom five chromosomes were involved in five-way Ph translocations (Table 1 ) [1] [2] [3] [4] [5] [6] [7] [8] . The involved chromosomes in our case were 9, 22, 12, 4 and 7. This combination has not been reported elsewhere.
At the diagnosis of this case, we did not found typical Ph, and we found that five chromosomes, such as 9, 22, 12, 4 and 7, seemed to be changed by G-banding. Then we performed SKY, and SKY revealed the five-way translocation among those five chromosomes. Because the finding of SKY was consistent with that of G-banding, we believe that the possibility of false-positive in SKY should be quite low. In addition, the five-way translocation observed in this case seems to be well illustrated from SKY finding, therefore, we also believe that the possibility of involvements of other chromosomes, meaning the possibility of false-negative in SKY should be quite low.
In the present case, G-banding could not identify the nature of the Ph translocation occurred, whereas SKY showed its ability for determination of the details of the translocation. Thus, SKY should be performed in cases with complicated chromosomal rearrangements.
We believe that the translocations observed in our case was not formed translocation was considered to be t(4;12;7;9;22)(q33?;q24;p13;q34;q11).
